ABSTRACT Stimulation of ethylene production by cauliflower (Brassica oleracea var. botrytis L.) tissue in buffer solution containing 4-S-methyl-2-keto-butyric acid is not due to activation of the natural in vivo system. Increased ethylene production derives from an extra-cellular ethylene-forming system, catalyzed by peroxidase and other factors, which leak from the cauliflower tissue and cause the degradation of 4-S-methyl-2-keto-butyric acid. This exogenous ethylene-forming system is similar to the ethylene-forming horseradish peroxidase system which utilizes methional or 4-S-methyl-2-keto-butyric acid as substrate. We conclude that 4-S-methyl-2-keto-butyric acid is probably not an intermediate in the biosynthetic pathway between methionine and ethylene.
cauliflower floret tissue system showed greater incorporation of '4C into ethylene from "4C-labeled SMKB than from 14C-labeled methionine. They concluded that SMKB is intermediate in the biochemical pathway between methionine and ethylene. The first step in the conversion of methionine to ethylene was considered to be a transaminase reaction which formed the SMKB intermediate (11) .
On the contrary, Bauer and Yang (1) 
MATERIALS AND METHODS
Tissue and Tissue Treatment. Cauliflower (Brassica oleracea var. botrytis L.) heads were purchased in the wholesale market and stored at 0 C to be used as needed. The heads were separated into florets 5 mm in diameter and 7 mm long. In most experiments 3 g of florets were placed in 3 ml of 0.1 M phosphate buffer solution, pH 6.5, with or without SMKB, in a 25-ml Erlenmeyer flask, which was stoppered with a serum cap and incubated 4 hr at 30 C. This was designated a "buffer solution system" in contrast to a "no solution system" which was incubated in absence of buffer solution after a 1-hr preincubation soaking in SMKB.
In the experiments with apple (Malus sylvestris Mill. cv. Rome) tissue, 4 apple plugs (about 1 g), prepared as described (5), were incubated 4 hr at 30 C in 5 ml of 0.4 M sucrose-0.1 M bicarbonate buffer, pH 8.7, in 25-ml flasks stoppered with serum caps. In all the closed systems a vial containing 0.5 ml of 10% KOH was included in the flask to absorb CO2.
Tomato (Lycopersicon esculentum Mill. cv. Homestead) pericarp tissue (4 g) from half-ripe fruit was cut into 0.5-cm squares, as previously described (6) (Fig. 1 insert) . This level of increased production of ethylene was more or less maintained during a 15-hr period. In some experiments four times as much ethylene or more was produced in the "buffer solution system" with SMKB as was produced in the "buffer solution system" without SMKB (control) ( Table I) .
In contrast, when cauliflower tissue was incubated in the "no solution system" in the absence of surrounding buffer solution, no stimulation of ethylene production was observed, after a 1-hr period of preincubation in 1 mm SMKB (Table I ). There was, incidentally, only a relatively small increase in ethylene production in the presence of 1 mim methionine in either the "buffer solution system" or "no solution system" ( Table I) .
Uptake of SMKB by Cauliflower Tissue. The lack of stimulation of ethylene production in the "no solution system" may be attributed to the failure of the tissue to incorporate SMKB during the 1-hr preincubation period. We determined the amount of SMKB in the 2% KCI preincubation solution before and after the 1-hr preincubation period. Controls were run to determine loss of SMKB in comparable no tissue systems. Taking into account loss in controls we found that approximately 80% of the SMKB originally present in the solution remained after the preincubation period with either cauliflower or apple tissue. We assume that approximately 20% was absorbed by the tissue. Why then is there no increase in ethylene production in the "no solution system" preincubated 1 6.5 ("buffer solution system"). In "buffer solution system", 3 g of florets were incubated 4 hr in 3 ml of 0.1 M phosphate buffer, pH 6.5, at 25 C with or without SMKB. In "no solution system" 3 g of florets were incubated 1 hr in 3 ml of 2% KCl with and without SMKB at 25 C with shaking. After a 1-hr period florets were removed from the solution, blotted dry, and placed in a 25-ml Erlenmeyer flask, and incubated Inhibition by Catalase. Catalase, a well known inhibitor of peroxidase, inhibited increased ethylene production, obtained with 1 mm SMKB in the "buffer solution system," by about 70% (Table II) . In contrast, catalase increased ethylene production in both control and methionine "no solution systems" (Table II) . These data provide presumptive evidence for the penetration of the tissue by catalase. We have no explanation for the increased ethylene production by catalase, but there is a suggestion here that ethylene production in vivo is not mediated by peroxidase enzymes. (Table III) . Sulfite was the major factor controlling ethylene production in the buffer-filtrate system, but p-coumaric acid also enhanced ethylene production considerably.
The presence of methane sulfinic acid, p-coumaric acid, and glucose oxidase, in cauliflower floret tissue, was demonstrated by Mapson et al. (8, 9) . It is, therefore, reasonable to assume that in addition to peroxidase, these cofactors can leak from the tissue into the surrounding buffer solution which already contains SMKB, and thereby provide all the ingredients of the ethylene-forming model system. By analogy to the HRP model system we estimate that approximately 10-5 to 10-' M sulfite and p-coumaric acid must leak from the cauliflower tissue, to provide the levels of ethylene obtained in the cauliflower-phosphate-SMKB-buffer system (Table III, IV) .
Effect of Sucrose on Ethylene Formation in "Buffer Solution System" and HRP Model Ethylene-forming System. The effect of sucrose on ethylene production by cauliflower tissue incubated in phosphate buffer containing SMKB further demonstrates the model system in the buffer solution surrounding the tissue. In the presence of sucrose, ethylene production is inhibited about 70% in the cauliflower buffer system with SMKB, and only about 30% in the control (Table V) . In the HRP model system, ethylene production is inhibited about 60% in the presence of sucrose. The difference in the level of inhibition by sucrose indicates the operation of two systems, an in vivo system and an external buffer system.
There is no inhibition of peroxidase activity per se in the presence of sucrose, as measured by the o-dianisidine reaction. Since the presence of sucrose does not prevent the leakage of peroxidase from the cauliflower tissue (Table V) , the inhibition of ethylene formation by sucrose would not appear to be due to a diminution of leakage of sulfite or p-coumaric acid from the tissue. Unless sucrose provides a specific control over the leakage of the above cofactors, we attribute the inhibition of ethylene production by sucrose to a quenching effect on free radicals, which are known to be intermediates in the ethylene-forming HRP model system (14) .
Ethylene Production by Apple and Tomato Tissue in Presence of SMKB. A comparison was made of stimulation of ethylene production by SMKB in tomato and apple fruit and cauliflower florets. Cauliflower tissue is unique in its response to SMKB in the surrounding incubation solution. Cauliflower tissue in the SMKB-buffer system (0.1 M phosphate buffer, pH 6.5) showed as much as 770% increase in ethylene production, whereas tomato tissue showed only a 34% increase, and apple tissue no increase in ethylene production (Table  VI) . Peroxidase activity was essentially the same in the cauliflower and tomato buffer incubating solutions, but virtually (Table  VII) . The much greater ethylene production obtained with the cauliflower buffer filtrates is most probably due to the higher concentrations of methane sulfinic acid and p-coumaric acid in filtrates from cauliflower tissue than from tomato tissue. In addition, a lowered ethylene production in tomato buffer filtrates may be due to a quenching effect of the tomato buffer filtrates on the ethylene-forming model system (Table VIII) 
